This paper examines how much the volatility of sovereign bond markets in Latin American emerging countries is in ‡uenced by volatiliy shocks to global and regional markets. After estimating the GARCHbased conditional volatility for sample markets, we measure the parts of sovereign bond market volatility attributable to the global and regional factors within the dynamic framework of a SVAR model. We …nd signi…cant and persistent volatility spillovers from global and regional factors to sovereign bond markets with a dominant e¤ect issued by global sovereign bond market. We also evidence that the global and regional markets are, on average, responsible for more than 45% of the variance of volatility changes in three of …ve selected emerging countries over a 12-week ahead forecast horizon.
INTRODUCTION
Emerging sovereign bond markets have deepened markedly over the last decade. At the end of 2004, the average sovereign debt to GDP ratio of the 18 emerging countries which account for close to 90% of the capitalization of the JPMorgan Emerging Market Global Bond Index (EMBIG) was estimated at 39%. With a sovereign debt to GDP ratio of 49%, the Latin American region experienced the highest sovereign debt level among emerging countries 1 . These changes, encouraged by the low returns in mature market asset classes coupled with the better macroeconomic performance in emerging countries, led to higher country credit ratings attributed to emerging markets and growing attention from global investors.
As sovereign bond markets have become an important source of emerging market external …nancing, a large research literature has been devoted to the study of their institutional and …nancial determinants. The majority of previous studies are concerned by explaining and modeling the dynamic changes in sovereign bond spreads, an indicator of country default risk carefully watched by global investor community, which re ‡ect the ability of an emerging country to reimburse the sovereign debt at the due date. The incomplete list of references includes, among others, Andritzky and al. (2007) , Jüttner and al. (2006) , Batten and al. (2006) , Min and al. (2003) , and references therein. For example, Andritzky and al. (2007) relate changes in emerging market sovereign spreads to macroeconomic announcements and …nd that sovereign spreads react to rating actions and changes in the US interest rate rather than to country-speci…c factors. Jüttner and al. (2006) attempt to explain the unexplained residual returns in nineteen emerging sovereign bond markets by country-speci…c factors such as GDP growth rate, in ‡ation rate and political and …nancial risks. The authors show that global market factors, local market risk and country-speci…c factors are relevant in pricing sovereign bond returns. As for the last two studies previously cited, various variables including the US interest rate term structure, local stock market index, exchange rate, liquidity and solvency indicators, and macroeconomic fundamentals are used to predict changes in sovereign spreads.
There is, however, less evidence about the volatility and volatility-spillover e¤ects regarding sovereign bond markets in emerging countries while these issues are at the heart of debates on the worldwide …nancial stability. Indeed, the purpose that the growing volatility and …nancial instability in international capital markets were partly due to the huge increase of sovereign debt asset class constitutes a current matter of both academic and policy interests. Previous works on emerging market sovereign debt that are mostly related to our study include Cifarelli and Paladino (2004) , and Han and al. (2003) . While the latter study examines the spillover e¤ects of the 1994 Mexican debt crisis to nine other emerging markets, the formal investigates the impact of the Argentine default of December 2001 on volatility co-movements in Asian and Latin American emerging bond markets with the primary focus being on the problem of shift contagion. Another study, Gande and Parsley (2005) , falls also into this category, but its main goal is to analyze the spillover e¤ect of a sovereign credit rating change of one country on the sovereign credit spreads of other countries from 1991 to 2000. In this paper, the question we address is: how important is the impact of global and regional markets on the volatility of sovereign bond markets in Latin America?
Concretely, this paper will contribute to the above literature in several ways. First, we propose a simple framework to explore the dynamics of emerging market sovereign bond returns and their volatility in a globalization context. Second, we examine the degree to which emerging sovereign bond markets are interrelated to the global and regional risk factors on a basis of a structural VAR model. To a large extent, this degree of interdependences can be explained by the actual degree of integration of an emerging sovereign bond market within a region and with the world market. Finally, as a key contribution of this paper, we measure the quantity of spillover e¤ects on the emerging market sovereign bond volatility that can be attributed to the global and regional factors. Using weekly data from …ve emerging sovereign bond markets in Latin America, two global benchmark indices, and two regional benchmark indices, we mainly …nd evidence of signi…cant and persistent volatility-spillovers from global and regional markets to individual emerging countries. The global and regional markets are, on average, responsible for more than 45% of the variance of volatility changes in three of …ve selected countries over a 12-week ahead forecast horizon.
The remaining part of the paper is organized as follows. Section 2 introduces the empirical model that allows for the impact of the global and local factors on the sovereign bond returns and volatility. Section 3 describes the data used in the paper and their stochastic properties. Section 4 reports and interprets the empirical results. Section 5 summarizes the main …ndings of the paper and discusses future research perspectives.
EMPIRICAL MODEL
A two-stage procedure is used to explore the impacts of global and regional factors on the volatility of emerging sovereign bond markets. In the …rst stage, the conditional volatility of all variables evolved in the study is estimated. Conditional volatility series are then employed in the second stage to investigate the spillover e¤ects as well as the parts of the volatility of emerging sovereign bond markets caused by the global and regional factors.
To model the conditional volatility of a time-series variable, a number of choices are available to researchers. For instance, some studies have been based on the two-step regression procedure of Schwert (1989) which provides the so-called conditional rolling standard deviation. Another class of models, the AutoRegressive Conditional Heteroscedasticity (ARCH) initially introduced by Engle (1982) and its generalized version (GARCH) developed by Bollerslev (1986) , is widely employed in recent …nance literature. As far as the question of modeling high-frequency return variability is concerned, there exists a possibility to apply the realized volatility framework as described in Andersen and al. (2003) and references therein. In this study we adopt a GARCH-type volatility model because it appears to successfully capture the empirical regularities of asset returns in emerging markets such as leptokurtic distribution of unconditional returns and volatility clustering (see, e.g., Bekaert and Harvey, 1997; and Kim and Singal, 2000) .
Let r 1t , r 2t , r 3t , r 4t , and r i;t be the continuously compounded return on the JPMorgan Emerging Market Bond Index Global for all countries, MSCI World stock market index, EMBI Global for Latin America, S&P/IFCG stock market index for Latin America, and EMBIG for country i (i = 1,2...,5), we propose the following autoregressive structures for the conditional mean equations:
(1) r 2t = 0 + 1 r 2;t 1 + 2 r 1;t 1 + " 2t (2) r 3t = ' 0 + ' 1 r 3;t 1 + ' 2 r 1;t 1 + ' 3 r 2;t 1 + ' 4 r 4;t 1 + " 3t (3) r 4t = 0 + 1 r 4;t 1 + 2 r 1;t 1 + 3 r 2;t 1 + 4 r 3;t 1 + " 4t (4) r it = 0 + 1 r i;t 1 + 2 r 1;t 1 + 3 r 2;t 1 + 4 r 3;t 1 + 5 r 4;t 1 + " it
Note that the …rst four return series are seen as the global and regional factors re ‡ecting dynamic changes in the worldwide and regional stock and bond markets. According to the above speci…cations, both global and regional factors are allowed to a¤ect the country i 's conditional sovereign bond return, but the in ‡uence of the country i 's bond sovereign return on regional and global market returns is not possible. The rationale for doing so is that global and regional factors are supposed to incorporate all information from individual countries.
The conditional variance 2 t of the return innovations " t can be obtained by jointly estimating each conditional mean equation and a univariate GARCH(1,1) model which is stated as follows:
We employ the method of quasi-maximum likelihood estimation (QMLE) proposed by Bollerslev and Wooldrige (1992) to carry out the estimation issue. The optimization strategy is based on the BFGS algorithm.
The conditional volatility, as measured by the square root of the estimated conditional variance series, are then put into …ve dynamic structural VAR systems (SVAR) to analyze the aggregate impacts of the global and regional market volatilities on the volatility of each emerging sovereign bond market. The SVAR model we consider has the following form:
where
represents the (5 1) vector of dependent variables. They refer to the volatilities of the global sovereign bond market, the global stock market, the local sovereign bond market, the local stock market and the emerging country i 's sovereign bond market (i =1,2,...5); C is a (5 1) vector of constant terms; B s refer to a (5 5) matrix of unknown coe¢ cients; p is the optimal number of lags that can be determined using the Akaike Information Criterion (AIC); and u t = (u 1t ; u 2t ; u 3t ; u 4t ; u it ) 0 is a (5 1) vector of uncorrelated volatility innovations having a positive de…nite covariance matrix = E(u t u 0 t ). Once p is set, the VAR system can be straightforwardly estimated using OLS estimation procedure and the dynamic interrelationships between system variables can be apprehended through Granger-causality and block exogeneity tests. However, the VAR model as described in Equation (7) does not permit to explicitly investigate the e¤ect of a shock to a particular variable on the others because of the possible interdependencies between the system innovations u t (i.e., the covariance matrix is not diagonal). The solution well discussed in the econometric literature is to transform the standard VAR model into its moving average form as in Equation (8) 
and to orthogonalize the system innovations as shown by Equation (9)
where C t is the deterministic part of the Y t . The transition from Equation (8) to Equation (9) rests on the following conditions: s = s A, A 1 u t = v t , with A being a (5 5) matrix of parameters to be estimated. The assumption of orthogonal innovations, that is E(v t v 0 t ) = I (identity matrix), imposes that A 1 A 0 1 = I. Accordingly, such a matrix A can be any solution of AA 0 = . Given the objective of the paper, we decide to generate the orthogonal innovations by imposing the structural decompositions suggested by Sims (1980) . Precisely, the transformation from u t into v t is governed by:
Based on this structural mechanism, we explicitly favour the following order of volatility-spillovers: from bond market to stock market, from global market to regional market, and from global and regional market to country i's market. The matrix s is referred to as the orthogonal impulse response functions (IRF) of Y t after s periods when the system is shocked by one variable. Since we have …ve variables in each system, there are 25 series of orthogonal IRF. The element i;j of the matrix s is straightforwardly interpreted as the orthogonal e¤ect of a one-unit shock in the j th variable on the i th variable of the system. The total IRF of the country i 's sovereign bond volatility to the system shocks at period k can be computed as
The global e¤ects on country i 's volatility refer to the sum of the …rst two elements, whereas the regional e¤ects are sized by taking the sum of the third and fourth elements. In addition to the IRF, it is also possible to compute the forecast error variance decomposition (FEVD) which answers the question: what portion of the forecast error in predicting a particular variable is due to its own structural shocks as well as to shocks in other variables. For example, the forecast error of the country i 's sovereign bond volatility is:
T +h s ; with j = (1; 2; 3; 4; i)
Since the innovations are orthogonal, the variance of the h-step ahead forecast error for country i 's sovereign bond volatility is de…ned by:
2 2 v j ; with j = (1; 2; 3; 4; i)
Then, the portion of the global and regional factors in the variance of the h-step ahead forecast error for country i 's sovereign bond volatility is measured as:
; with j = (1; 2; 3; 4)
To sum up, the proposed empirical model (GARCH and SVAR) will allow us to determine the in ‡uence of the global and regional markets on the volatility of …ve sovereign bond markets in Latin America. Within each SVAR system, there are four variables related to the volatility of the global and regional markets, and one variable representing the volatility of the sovereign bond market under consideration. We discuss the data and result issues in the next sections.
DATA AND STATISTICAL PROPERTIES
The present paper covers …ve emerging sovereign bond markets in Latin America: Argentina, Brazil, Chile, Colombia and Mexico. The JPMorgan Emerging Markets Bond Index Global (EMBIG) is used to compute Statistical properties of weekly returns for sample markets and global and regional markets are reported in Table 1 . Over the study period, sovereign bonds in Latin American emerging countries realized a relatively high performance compared with the benchmark bond and stock indices, the only exception being the Agentine market which experienced a weekly average of -0.185%. It is worth noting that the di¤erences in terms of unconditional volatility (or standard deviation) between countries need to be interpreted with precaution because the study period is not the same for all indices used. What we can mention, however, is the disproportion between the realized return and the risk level in some markets. For example, the highest level of risk observed in Argentina is not proportionally rewarded by the highest return. By contrast, a relatively low risk in Mexico is associated with a second-largest return of the sample. The results of the normality test show that all weekly return series are highly deviated from a normal distribution. The Engle (1982) 's test for conditional heteroscedasticity rejects the null hypothesis of no ARCH e¤ects for all return series, except for Chile and MSCIW series. Altogether, these stylized facts justify our decision to use GARCH model for the residual return variance. In addition, the presence of autocorrelation of order 6 for many return series coupled with highly signi…cant coe¢ cients of the …rst-order autocorrelation which are not reported here to conserve spaces supports the inclusion of the autoregressive terms in the mean equation. Table 2 reports the unconditional correlations between sample markets. We observe that the correlation coe¢ cients among emerging sovereign bond markets range from 16.6% (ARG-CHI) to 61.9% (BRA-MEX). These markets comove largely with the global and regional sovereign bond markets with the lowest coe¢ cient being 39.4% (CHI-EMBI LA ), less with the regional stock market and much less with the global stock market (i.e., two correlation coe¢ cients are negative). As a result, there is still room for diversi…cation bene…ts through investing in emerging bond markets.
RESULTS AND INTERPRETATIONS
In this section, we start with presenting the results from the joint estimation of the conditional mean equation and GARCH-based conditional variance equation for all return series evolved in our study. We then center on the dynamic interrelations between the volatility of emerging sovereign bond markets and that of the global and regional benchmarks within a SVAR framework as described in Section 2. The main objective is to show how movements of the global and regional markets impact the volatility of emerging sovereign bond markets. Table 3 reports estimated parameters of the conditional mean and variance equations for …ve sovereign bond markets and four global and regional markets. At the sight of parameter estimates in Panel A, we observe that weekly sovereign bond returns in studied emerging countries are generally unpredictable from past returns of local, regional and global markets. The only exception is the case of Brazil where past returns in local bond, global bond and global stock markets signi…cantly impact current returns. For global and regional markets, there is only an evidence of return predictability pattern in case of IFCG stock market index for Latin America.
Major preliminary results
The fact that the coe¢ cients associated with either ARCH term or GARCH term or both (i.e., and ) in conditional variance equations suggests that GARCH(1,1) model successfully …ts the return data on both emerging sovereign bond markets and benchmark markets 4 . In Chile, the constant term and ARCH coe¢ cient are found to be signi…cant at 10% level of risk. More importantly, the parameters of GARCH(1,1) model are highly signi…cant for the MSCIW series, even though the Engle (1982)'s test for a six-order ARCH e¤ects indicates an absence of autoregressive conditional heteroscedasticity in the raw return series (see , Table 1 ). Evidently, our proposed model is capable to capture the time-varying feature and persistence in the volatility of emerging, global and regional markets. Table 4 sheds the light on the estimated conditional volatilities which are obtained from taking the square root of the estimated GARCH-variances from December 26, 1999 to July 10, 2005. On average, we observe that the IFCG stock market index for Latin America experienced a highest weekly conditional volatility (3.4%), followed by Argentina with 3.3%, Brazil with 2.5% and MSCI World stock market with 2.2%. Chilean sovereign bond market recorded the lowest level of conditional volatility over the same period with only 0.9% per week. It is also possible to notice that conditional volatility series are highly non-normal due to the signi…cant level of kurtosis coe¢ cients.
Volatility-spillover e¤ ects
From the estimated conditional volatilities, setting up …ve SVAR models consists of the …rst step to examine the volatility-spillover issue. We base on the Akaike Information Criteria (AIC) to determine the optimal number of lags for each system. Accordingly, a VAR(3) model is proved to be convenient for systems including either Argentina or Brazil or Colombia; and a VAR(1) model for systems including either Chile or Mexico. In a follow-up to the estimation of these VAR models, we can use the orthogonal transformations as shown by Equation (10) to generate the structural IRF and FEVD. To insure the robustness of previous VAR speci…cations, we perform the Wald test for the lag exclusion and report the results in Table 5 . As we can see, all lags included in each of the …ve systems are relevant in explaining the dynamics of the system's endogenous variables. As pointed out in Section 2, the structural IRF allows us to investigate how conditional volatilities in emerging sovereign bond markets react to structural shocks in global and regional markets. To this end, we normalize the shocks (or impulses) to the orthogonal innovations of global and regional markets into one standard deviation and look at the volatility responses of the emerging bond market under consideration. We have computed the impulse responses of individual sovereign bond markets to one standard deviation innovations on global and regional markets from period 1 (or a week) through period 12 (or a three-month period) 5 . The results are reported in Table 6 .
Globally, the results indicate that sovereign bond markets in Latin American emerging countries respond markedly and persistently to the structural volatility shocks in global and regional markets. An inside view of the results permits to draw three major trends in the volatility-spillover patterns between markets.
First, structural innovations in the volatility of global markets have caused much greater response on the volatility of emerging sovereign bond markets than those in regional markets. Regarding the size of impulse responses, it is particularly important in Argentina and Brazil. For example, the response to the shock in global markets of the volatility of sovereign bond markets in Argentina is estimated at 0.37% after one period. It reaches its peak response of 0.45% after 5 periods and still remains signi…cant after 12 periods at 0.24%. The same schema is followed by sovereign bond market in Brazil whose response to the global shocks range from 0.23% at period 12 to 0.41% at period 3. For Chile, Colombia and Mexico, their response to volatility shocks a¤ecting the global and regional factors, albeit persistent over time, is quite small. In Mexico, for example, the response drops to a near-zero value after about 3 periods. Second, with respect to di¤erent types of market, the average impulse responses to one standard deviation innovation in stock markets over 12 periods is are lower than those induced by bond markets for three countries: Argentina (0.07% against 0.30%), Brazil (0.11% against 0.32%) and Chile (0.00% against 0.01%). The opposite is valid for Colombia (0.04% against 0.015%) and Mexico (0.007% against 0.006%).
Finally, the volatility-spillover e¤ects lead to increased volatility in almost emerging sovereign bond markets following original shocks to return volatility of global and regional markets. E¤ectively, apart from some negative values in response to shocks in regional markets (periods 8 to 12 for Argentina, period 1 for Chile, periods 1 to 3 for Colombia, and period 1 for Mexico) and only one negative value caused by shock to global markets, all other responses are positive.
To make comparisons between emerging sovereign bond markets, we compute their aggregate and accumulated responses to shocks issued from both global and regional markets over twelve periods, and show the results in Figure 1 . It is observed that the sovereign bond markets in Argentina and Brazil receive the most important spillovers from the volatility in global and regional markets. At one week, Brazil's response to both global and regional markets is equal to 0.542%, but its accumulated value gradually increases over time and attains 5.222% after 12 weeks. Similarly, starting with a value of about 0.514%, the accumulated response from Argentina to volatility shocks in global and regional markets is estimated at 4.617% over a 12-week period. Only a small amount is found of volatility spillovers from global and regional markets to Chile, Colombia and Mexico.
Further information about the impact of global and regional markets on the volatility of sovereign bond markets in Latin American can be apprehended from the analysis of forecast error variance decomposition (FEVD). Table 7 presents the results for FEVD expressed in percentage. For each emerging sovereign bond market, its forecast error variance is decomposed in …ve parts attributable to the variance of innovations in …ve markets: GB (global sovereign bond market, EMBIG All ), GS (global stock market, MSCIW), RB (regional sovereign bond market, EMBIG LA ), RS (regional stock market, IFCG LA ), and SB (emerging sovereign bond market). At a particular forecast horizon, the whole part of volatility innovation variations in an emerging sovereign bond market to which the global and regional markets are responsible can be evaluated by using Equation (13) or by taking the sum of GB, GS, RB and RS.
In general, the results from FEVD are consistent with those from structural IRF. That is, two sovereign bond markets, Argentina and Brazil, are mostly exposed to changes in volatility of global and regional factors. For instance, global markets explain on average 35.60% and 64.61% of volatility variations in Argentina and Brazil respectively, of which global stock markets are responsible of only 1.81% and 1.21% respectively. For these markets, the role of regional factors is much less important as they only count for 15.76% and 6.12% respectively. Two other markets, Colombia and Notes: This table gives the percentage of forecast error variance of each emerging sovereign bond market, which is due to the variance of its own volatility innovations and the variance of volatility innovations in global sovereign bond market (GB ), global stock market (GS ), regional sovereign bond market (RB ) and regional stock market (RS ). The last row provides the average e¤ects of global, regional and country factors respectively.
Mexico, are also largely sensible to volatility shocks in global factors whose average e¤ects add up to 22.93% and 45.38% respectively. Once again, the primary e¤ect comes from the global sovereign bond market. The in ‡uence of global and regional factors is smallest in Chilean sovereign bond market.
On average, about 88.59% of its forecast error variance originated from the variations of its own innovations. This may be indicative of the low degree of integration between Chile and other markets of the world.
CONCLUSION
This paper investigated the global and regional factors in the volatility of sovereign bond markets in emerging countries. Using weekly data from …ve Latin American markets and four global and regional benchmark indices, we …rst estimated the conditional volatility of these markets and then studied their exposures to volatility innovations in global and regional factors within a structural VAR model (SVAR). The volatility-spillover mechanism we introduce in this paper was set according to the following rules: global market ! regional market ! domestic market, and bond market ! stock market. Overall, our results show the existence of signi…cant amounts of volatility spillovers from global and regional markets to emerging sovereign markets, especially to Argentina and Brazil. The spillover e¤ects are particularly much higher from global markets than from regional markets, and also more important from bond markets than from stock markets. The importance of the global factors can be explained by their informative content. E¤ectively, the presence of extra-regional information should be a signi…cant source of volatility innovations in emerging sovereign bond markets. Empirical results also reveal that variations in volatility shocks to global markets contribute, on average, up to 22.93%, 35.60%, 45.38% and 64.61% of the forecast volatility innovations in Colombia, Argentina, Mexico and Brazil. Hence, if the goal is to insure …nancial stability and to implement any new strategies in sovereign bond markets, government and quasi-sovereign entities in Latin American emerging countries have an interest in considering the worldwide economic conditions.
